Object. The authors studied the relationships between tumor size, location, and topographic position relative to the intact facial nerve bundles in acoustic neurinomas to determine the influence of these factors on hearing preservation postoperatively. Consistent topographic relationships were found.
DVANCED microsurgical instrumentation and techniques have led to a shift in goals in the treatment of acoustic neurinomas. Anatomical and functional preservation of the facial nerve have become routine in experienced hands, 3, 7, 14, 21, 29, 30, 33, 35, 38, 39, 43, 48, 56, 59 and contemporary studies have focused on the preservation of hearing. 1-14,16-22, 24-29,31,33-37,39-43,46,48-60 It has been difficult to compare these data because of the lack of uniformity in the criteria used to define useful hearing. However, it is generally accepted that a less than 50-dB pure tone average (PTA) and minimum 50% speech discrimination score (SDS) constitute a reasonable audiometric minimum for defining useful hearing. Using this as a framework, we analyzed hearing preservation in 452 patients who underwent retromastoid surgery for acoustic neurinoma at the University of Vienna in a 16-year period. Several researchers have published studies on the impact of various factors on successful hearing preservation. These studies have clearly shown that lesion size plays a major role in the success of both facial nerve and hearing preservation. 1, [15] [16] [17] 19, 42, 47, 53, 59 It has been our belief that the specific topographic anatomical relationship of the tumor to the cochlear nerve also has an impact on surgical success. 28, 31, 44 These tumor-nerve relations were studied in detail in this report to investigate their possible influence on outcome.
Clinical Material and Methods

Patient Population
Four hundred fifty-two consecutive patients were identified as having undergone a retromastoid craniotomy to treat an acoustic neurinoma at the University of Vienna Neurosurgical Clinic between 1980 and 1996. One hundred fifteen of these patients were identified as having small tumors: either Grade I or II according to the Koos grading system 31 ( Fig. 1) . Grade I tumors are purely intracanalicular, whereas tumors that extend into the cerebellopontine angle (CPA) without coming into contact with the brainstem are considered to be Grade II. The Grade II lesions were further subdivided by size into Grades IIA and B (Fig. 2) . Grade IIA tumors did not extend more than 10 mm into the CPA, measured from the lip of the porus acusticus, and the Grade IIB tumors extended 11 to 18 mm into the CPA from the porus acusticus.
Fourteen patients had Grade I lesions and the remaining 101 had Grade II tumors. Patients with larger tumors (Grade III and IV) were excluded from topographic anatomical analysis. All patients underwent preoperative audiometric testing. A PTA of less than 50 dB and an SDS of greater than 50% were defined as preserved hearing; otherwise, hearing was considered to be lost. All patients with Grade I lesions demonstrated preserved hearing preoperatively, whereas 87 patients (86%) with Grade II lesions fulfilled audiometric criteria for preserved hearing preoperatively. Detailed intraoperative photographs were obtained in all patients. The case records, intraoperative photographs, and videotapes were analyzed for the following factors: 1) topographic anatomical relationships of the tumor to the surrounding nerve bundles; 2) facial nerve preservation; and 3) and hearing preservation. All patients underwent documented examination of facial nerve function between 12 and 18 months postoperatively.
Operative Technique
Lesions in all patients were resected by the senior author (W. T. K.) who used standard microsurgical techniques. The retromastoid approach was used while the patient was in the sitting position, as described elsewhere. 30 Facial nerve and brainstem auditory evoked potential (BAEP) monitoring were not used in any of the cases. In all cases of purely intracanalicular tumor (Grade I), the internal auditory canal was exposed by unroofing the posterior wall of the canal with a high-speed drill. Bone removal was planned in all cases based on preoperative bone window computerized tomography scanning. Removal of the posterior wall of the internal auditory canal was not necessary in all Grade II lesions.
Results
Tumor-Nerve Bundle Neurotopographic Relationships
No particular topographic relationships could be determined for tumors in the Grade I category. This was most likely secondary to the limited exposure of these small tumors via the retrosigmoid-transmeatal approach. However, specific relationships between the tumor and nerve bundles were observed in the case of Grade II tumors. These neurotopographic relationships could be placed into eight subcategories (Table 1, Figs. 3 and 4) . Generally, the tumors were observed either to indent the nerve complex without splitting the nerve bundles (Types 1A, 1B, and 1C), or be interposed between nerve bundles of the eighth and seventh cranial nerves (Types 2A and B). A small group of tumors did not fall into either of these two general categories and was classified separately (Type 3).
Hearing Preservation
The fourteen patients presenting with Grade I lesions qualified as having preserved hearing before and after surgery. Therefore, the hearing preservation rate postsur-
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Neurotopography and microsurgery of small acoustic neurinomas (31) gery in this group was 100%. The patients presenting with Grade II tumors showed some preoperative hearing loss based on audiometric testing. The number of patients in each group with intact hearing before and after surgery is summarized by topographic anatomical classification in Table 2 . Hearing exceeding our criteria preoperatively ranged from 50% in a patient with a Type 1C tumor to 89% by topographic type. After surgery, hearing preservation ranged from 57% in patients with Type 3 to 100% in patients with Type 1C. Overall, hearing was preserved in 76 patients (87%) with Grade II lesions. Combining the results in patients with Grades I and II tumors, this represents a 78% hearing preservation rate (90 of 115 patients) after surgery of these small lesions. The two most important criteria for postoperative preservation of hearing, that is, preoperative hearing quality and tumor size, are shown in Tables 3 and 4 , which detail examination data for Type 2A and 2B subgroups of Grade II tumors. Type 2B neurinomas, the larger variant, are closer to the eighth and seventh cranial nerves; microsurgical separation requires more manipulation than in Type 2A neurinomas. At the same time, one must take into account the preoperative hearing quality with Type 2A neurinomas. Likewise, the postoperative hearing preservation rate is significantly better in patients with Type 2A tumors (89% compared with 67%).
Facial Nerve Preservation
Grades I and II neurinomas can be considered together when analyzing facial nerve function. In these small tumors, the facial nerve was completely anatomically preserved in 113 cases (98%). In two patients, both with Grade IIB neurinomas, the facial nerve was partially destroyed, leading to loss of anatomical integrity. Functionally, 409 patients were considered to fall into one of three categories: "full" function corresponded to a Grade 1 on the House-Brackmann scale, 23 function between Grades 2 and 5 was considered to be "partial" function, and "no" function corresponded to a Grade 6. Of the 113 patients with Grade I and II neurinomas, 99 (88%) had HouseBrackmann Grade 1 function postoperatively. The remaining 14 patients (12%) were left with partial function.
Discussion
Hearing Preservation
Preservation of hearing function has been a contemporary focus of the treatment of acoustic neurinomas. Review of the present series adds another data set to support the finding that the smaller the tumor, the more likely that hearing will be preserved after surgical resection. Other variables have been considered in an attempt to formulate a set of conditions that is most likely to result in postoperative hearing preservation. The level of preoperative hearing as measured audiographically has been definitively demonstrated to influence outcome directly. 17, 42 There is an ongoing debate regarding the appropriate audiometric minimum for good hearing; there is no consensus on standardization. We have chosen the 50-dB PTA and 50% SDS criteria to be consistent with other series that have reported hearing preservation results with small acoustic neurinomas. 17, 22, 27, 36, 49, 58 Investigators in these series have reported hearing preservation rates in the 30 to 40% range. In a recent report on tumors smaller than 2 cm, Post, et al., 42 drew conclusions regarding the factors that influence the hearing preservation rate. The only factors they found that influenced this outcome were tumor size and the level of preoperative hearing. The results of our study support their conclusions. Post, et al., reported preserved hearing in 83% of patients with tumors smaller than 1 cm (six patients). The same results were achieved in 52% of patients with tumors between 1 and 2 cm (25 patients). Measurement of lesion size according to the size of the mass in the CPA was used to group these tumors. This essentially correlates to our Group IIA (81 patients, 89% with hearing preservation) and IIB (six patients, 67% with hearing preservation) designations. The success rates in the series reported by Post, et al., and our series of patients are nearly equivalent and essentially complementary in terms of the numbers of patients in each group. This equality of results was achieved in our series despite the absence of neurophysiological monitoring. Routine monitoring of BAEP did not seem to make a significant difference in hearing preservation. Therefore, patients in this series did not undergo preoperative BAEP testing. The absence of good waveform data has been thought by some groups to indicate a decreased chance of preserving useful hearing. 17, 32, 38, 52 It would be interesting to correlate waveform morphology data with the neurotopographic type as defined in our study. Possibly, Type 3 neu- rotopography would correlate with an alteration in the BAEP waveform caused by alterations in the anatomical integrity of the cochlear nerve. We researched the influence of various neurotopographic relationships on hearing preservation results. Comparison of hearing preservation rates between the various groupings of neurotopographic relationships did not reach statistical significance. Preservation of hearing was nearly equivalent in Types 1A, 1B, 1C, 2A, and 2B. There appears to be a drop-off between these five groups (91% hearing preservation collectively) and the Type 3 tumors (57% hearing preservation). This difference is explained when one examines the relationship between the neurinoma and the eighth cranial nerve (Fig. 5) . With Type 3A, the neurinoma originates from the superior vestibular nerve; with Type 3B, it originates from the inferior vestibular nerve; and with Type 3C, the tumor originates at another part of the eighth cranial nerve. In the case illustrated in Fig. 5 , it originates from the nerve fibers of the upper edge of the vestibular nerve. In light of these findings, removal of the tumor in the first two subtypes must involve the cutting of the main trunk of the superior or inferior vestibular nerve; in the latter subtype, the nerve fibers connecting the tumor to the vestibular nerve must be cut. In summary, the problem with topographic Types 1 and 2 is the indenting of the eighth cranial nerve or the separation of parts of the eighth and seventh cranial nerves, whereas Type 3 involves a direct connection between nerve and tumor, which must be cut (Table  1, Fig. 4 ). This special topographic relationship and the surgical manipulation required to remove the tumor help to explain postoperative reduction of hearing in patients with Type 3 tumors. Although patients with Type 3 tumors are few in number, the aforementioned conclusion can nevertheless be drawn.
Neurotopographic Relationships
We found a group of consistently reproduced neurotopographic relationships between the components of the vestibulocochlear-facial nerve complex and Grade II acoustic neurinomas (Fig. 3) . The cases of Type 1 relationships (Types A and B) tended to be the simplest in terms of surgical dissection. The dissections were straightforward because recognition of complex nerve-tumor capsule interfaces was not required; however, there was no difference in results when comparing these relatively easily dissected tumors with their Type 2 counterparts. Surgical resection of Type 2 tumors involved more difficulty in identifying and separating the cochlear nerve from the tumor capsule and the other nerve bundles. Tumors classified as Type 3 were different from the preceding cases (Fig. 5 ). These were characterized by complicated neurotopographic relationships between the tumor and the nerve bundles of the complex. Failure to preserve hearing in some of these cases was a result of our inability to dissect an intact cochlear nerve. The perceived added degree of difficulty translated to inferior surgical results with regard to hearing preservation. 1A  3  3  0  3  2  1  1B  5  3  2  3  2  1  1C  0  0  0  0  0  0  2A  2  0  2  0  0  0  2B  0  0  0  0  0  0  3  1  0  1  0  0  0  total  11 6 (55%) 5 6 4 (67%) 2 Conclusions Our analysis shows that recurrent, definable neurotopographic relationships exist between the tumor and the nerve bundles of the vestibulocochlear nerve complex in small acoustic neurinomas. Tumor-nerve relationships that fit the Type 3 category may predict inferior results with regard to hearing preservation because of difficulty identifying and preserving the cochlear nerve during surgery. Further refinements in imaging studies may help to identify these patients preoperatively, thus influencing our patient selection. Because we did not use intraoperative BAEP monitoring and our results are congruent with a recent series in which they were used, we conclude that intraoperative monitoring does not influence outcome. Our study reaffirms the notion that tumor size and the patient's preoperative hearing level should be considered the primary determinants of the success of hearing preservation attempts.
